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to compensate by making the dilatometer bulb 
slightly longer. 

I f  the dimensions were chosen so as to make the fat  
sample smaller, one could reduce the capillary bore 
in order to maintain the present sensitivity of the 
dilatometer, which is now about  2.8 and 1.8 mm. /1% 
"Sol ids  Con ten t "  for a 9- and 6-g. sample, respec- 
tively. The diameter of the capillary bore is well 
over 2 toni. so there seems to be room for such a 
reduction. 

Summary 
A change was made in the dilatometer design, al- 

lowing a substantial reduction in the time required to 
complete a "Sol ids  Con ten t "  determination in edi- 
ble fats. 

The modified dilatometer has a hollow stopper that  
extends near ly  to the bottom of the dilatometer bulb, 
thereby giving the fat  sample the shape of a hollow 
cylinder. The surface area ef f~ t ing  heat t ransfer  is 
increased, and the thickness of the fat  sample is re- 
duced, resulting in a considerable reduction in the 
time required to obtain tempera ture  equilibrium 
throughout  the fa t  sample. 

I~EFERENCES 

1. Bailey, A. E., "Melting and Solidification of Fats," Interscience 
Publishers Inc., New York, 1950. 

2. Craig, B. M., Lundberg, ~V. 0., Geddes, W. F., J.  Am. Oil Chem- 
ists' Soc., 29, 128 (1952).  

3. Fulton, N. D., Lutton, E. S., and Wille, R. L,, J. Am. Oil Chem- 
ists' Soc., 81, 98 (1954).  

[ R e c e i v e d  S e p t e m b e r  26, 1955]  

The Antioxidants of the Osage Orange Fruit I 
E. D. SCHALL and F. W. QUACKENBUSH, Department of Biochemistry, 
Purdue University, Lafayette, Indiana 

ONG the natural  materials which have been shown 
to contain potent  antioxidants for  fats  is the ma- 
ture f ru i t  of the osage orange (Maclura pomifera 

[Raf.] Schneider).  Ini t ial  work in this laboratory (3) 
showed tha t  carbon tetrachloride extracts of the pow- 
dered dried f ru i t  increased the keeping time of lard 
by  more than  one hundredfo ld ;  non-crystalline allo- 
phonate and acetyl derivatives prepared f rom the 
extract  were inactive but became active antioxidants 
af ter  hydrolysis. 

In  subsequent work (2) osajin and pomiferin were 
isolated from the extracts. Tests with the pure com- 
pounds showed osajin only slightly active while po- 
miferin accounted for  a large par t  of the total activ- 
ity. However a non-crystalline fract ion contained a 
synergistic substance. Clopton (1) reached similar 
conclusions apparent ly  f rom studies with concentrates 
since no tests with pure  pomiferin were presented. 

This paper  describes the chromatographic separa- 
tion of antioxidants f rom the osage orazlge extracts. 
Besides osajin and pomiferin, each of which constit- 
tutes 3 to 4% of tile dried frui t ,  a second group of 
highly active pigments representing 0.5 to 0.75% of 
the dried f ru i t  ha~ been separated. Chromatography 
has revealed this group to contain at least eight dif- 
ferent  components, three of which preponderate  in 
quantity.  

Experimental 
Methods. Mature frui ts  f rom the osage orange tree 

were collected, sliced, and set in a forced-air oven at 
80°C. unti l  thoroughly dry, then stored at room tem- 
perature.  Before extraction, the material  was ground 
to p a ~  a 1-mm. sieve. 

Antioxidant  potencies were determined in oven tests 
at 100°C. with bleached and deodorized lard, 2 low in 
antioxidants. This lard was received in 25-1b. lots and 
was stored in 2-qt. glass containers at --18°C. The 
antioxidant  material to be tested was dissolved in 
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chloroform or ethanol, and an appropriate  aliquot 
was added to 10 g. of the lard in a 9-cm. Pet r i  dish. 
The same amount  of solvent was added to a second 
10-g. of lard (control).  The solvent was evaporated 
on a steam table, the dishes were covered and placed 
in an oven equipped with a circulating fan  (100 ± 
1°C.). A 0.2-g. sample was withdra~m periodically 
for  a peroxide determination, method of Wheeler  (4) 
modified for  small samples. At a peroxide number  of 
ca. 20 organoleptie evidence of rancidi ty  was generally 
observed. 

Comparison of Solvents for Extracting Antioxi- 
dants from the Osage Orange Fruit. To compare the 
relative effectiveness of different solvents in concen- 
t ra t ing the active substances from the plant  material, 
a series of 50-g. samples of the dried meal was ex- 
t racted in a Soxhlet type of extractor (Table I ) .  A1- 

TABLE i 

Compar i son  of Solvents for Extracting the A n t i o x i d a n t s  

Solvent 

P e t r o l e u m  ether  ......................... E 
A c e t o n e  ...................................... 
Carbon tetrachloride .................. 
E t h y l  acetate  .............................. 
E t h y l  other  ................................. 
'lh-ichloroethylene ....................... 
Chloroform ................................. 
Methano l  .................................... 

Yield a 

% 
12.8 
22.8 
20.4 
23.9 
25.5 
18.2 
21.8 
51.8 

Induction period of 
lard (10 g.) containing 

100 rag. of Total extract 
solvent-free from 1 g. 

extract of p o w d e r  

hrs. hrs, 
50 50 

110 175 
110 210 
140 210 
115 200 
155 230 
155 230 
110 350 

a Percentage, by weight, of total  o sage  orange powder extracted. 

though ethyl acetate, trichloroethylene, and chloro- 
form produced extracts with the highest activity per 
gram of extract,  methanot was the most effective of 
the solvents tried" in extract ing the total activity of 
the osage orange powder. 

Antioxidant Properties of Pomiferin and Osajin. 
Each of the two compounds was prepared in quan- 
t i ty  and purified by  recrystallizing twice f rom xylene 
and finally f rom alcohol. The melting points, pomif- 
erin 200 ° and osajin 189 ° (uncorrected) ,  agreed well 
with l i terature values reported by V~Tolfrom and co- 
workers (6). 
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Stability curves obtained by plotting peroxide val- 
ues vs. time were similar to those reported for other 
well known antioxidants (Figure 1). Typical pro- 
oxidant action induced by excessive levels was ob- 
served with pomiferin in concentrations greater than 
0.2%. IIowever peroxide increments occurred stepwise 
rather than continuously (Figure 1). This unusual 
phenomenon was observed repeatedly with crude prep- 
arations containing pomiferin as well as with the pure 
compound. Its significance has not been established. 

The effectiveness of pomiferin as an antioxidant for 
lard was approximately one-half to two-thirds that of 
NDGA at levels of 0.05% or below and about three- 
fourths at levels of 0.10% or above. The prooxida~ut 
effect appeared at higher levels with pomiferin than 
with NDGA. With citric, phosphoric, or ascorbic acid, 
pomiferin exhibited a synergistic response typical of 
other antioxidants. Citric acid, the most effective, in- 
creased the induction period five-fold when added at 
0.05% to a .05% level of pomiferin. The prooxidant 
effect disappeared in the presence of a synergist. 
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Similar studies with osajin showed this componnd 
to be quite low in antioxidant activity; a level of 
0.8% increased the induction period only 2 hrs. over 
that of a control sample, and citric acid or other syn- 
ergists did not enhance activity. 

Synergistic Properties of the Crude Extracts. The 
amount of pomiferin present was sufficient to account 
for only 20-25% of the total activity of the crude 
extracts. A search was made therefore for other pri- 
mary antioxidants and/or  syncrgists to account for 
the unexplained activity. A portion of meal was ex- 
tracted, first with chloroform, and then with meth- 
anol. The chloroform and methanol extracts were 
then examined for both antioxidant and synergistic 
activity. 

The chloroform extract (50 ml.) was shaken suc- 
cessively with four 50-ml. aliquots of 4% sodium 
bicarbonate solution, washed twice with 50 ml. of 
water, and dried over sodium sulfate. Stability tests 
on the extract before and after this treatment (Table 
II)  indicated that synergism, at least from the usual 
acidic-type compounds, was not involved in the chlo- 
roform-soluble substance. 

Methanol extraction yielded an additional 25% of 
material, which was then tested with lard (Table I I ) .  

The results showed the methanol extract inactive as 
a primary antioxidant; however it had active syner- 
gistic properties when combined with either the chlo- 
roform extract or with crystalline pomiferin. This 
synergistic action increased the contribution of po- 
miferin to approximately 75% of the overall activity 
of the crude extracts. 

T A B L E  l I  

A n t i o x i d a n t  P r o p e r t i e s  of a Crude  Chloroform E x t r a c t  and  a Subsequen t  
Methanol  E x t r a c t  (Fo l lowing  Chloroform E x t r a c t i o n )  

P r e p a r a t i o n  I n d u c t i o n  P e r i o d  

h r s .  

1. Unpro t ec t ed  la rd  (control )  ........................................... 2 
2. 0 . 2 0 %  Chloroform ex t rac t  ............................................ 24 
3. 0 . 2 0 %  Chloroform ex t r ac t  a f t e r  Na t tCO~ t rea tment . . . .24  
4. 0 . 2 0 %  Methano l  (ch loroform insoluble)  ex t rac t  .......... 2 
5. 0 . 2 0 %  NO. 2 -[- 0 . 2 0 %  No. 4 ......................................... 38 
6. 0 . 0 5 %  P o m i f e r i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
7. 0 . 0 5 %  P o m i f e r i n  -~ 0 . 0 5 %  No. 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
8. 0 . 0 5 %  P o m i f e r i n  -~ 0 . 4 0 %  No. 4 ................................. 53 

Isolation of Total Primary Antioxidants. To iso- 
late the active components, other than pomiferin, in 
the chloroform extracts the technique employed by 
Wolfrom and Mahan (7) to separate pomiferin from 
osajin was used. In this separation, insoluble lead 
salts are formed with ortho di-hydroxy compounds, 
not with mono-hydroxy compounds. One kg. of the 
dried, ground meal was extracted thoronghly with 4 
liters of methanol in a continuous extractor (Soxhlet). 
The extract was cooled and filtered to remove particles 
of meal which had carried over, and a saturated solu- 
tion of neutral lead acetate in methanol added until 
precipitatiou was complete. The mixture was allowed 
to stand overnight at room temperature, then filtered ; 
both precipitate and filtrate were saved to prepare 
Fractions A and B. The precipitate was washed twice 
with methanol and dissolved in 500 ml. of boiling 
glacial acetic acid. This solution was poured slowly, 
with vigorous stirring, into 3 liters of ice and water, 
and held at 5°C. overnight. The insoluble phenolic 
compounds were filtered off, washed with cold water, 
and air-dried. The total yield from one kilogram of 
the meal was 46 g. (Fraction A). 

The methanol filtrate and wmsh liquors containing 
the soluble lead salts were concentrated to 1,500 ml., 
and the excess lead was precipitated with H~S. The 
filtrate, after removal of the PbS, was concentrated 
to 1 liter; an aliquot evaporated to dryness showed 
the total weight of this fraction (Fraction B) to be 
460 g. 

Stability tests on Fractions A and B (Table I I I )  
indicated that only A contained primary antioxidants. 
This fraction contained the pomiferin; however the 
stability imparted to lard was greater than that found 
with an equal amount of crystalline pomiferin. Since 
activity of the fraction was not reduced by washing a 
chloroform solution with 4% NaItC03 (Table I I I ) ,  the 
additional activity was not due to acidic synergists. 

Chromatography of Fraction A. Fraction A was 
dissolved in benzene and chromatographed on a pres- 

TAI~LE l I I  

S tabi l iz ing  Effect,  in  La rd ,  of the  F r a c t i o n s  Sepa ra t ed  by 
N eu t r a l  L e a d  Aceta te  

P r e p a r a t i o n  I n d u c t i o n  Pe r iod  

hrs .  
1, Unpro t ec t ed  l a rd  (control )  ............................................ 2 
2. 0 . 5 %  F r a c t i o n  B (soluble)..~ .......................................... 2 
3. 0 . 0 5 %  F r a c t i o n  A ( insoluble)  ........................................ 16 
4. 0 .20% F r a c t i o n  A .......................................................... 60 
5. 0 . 2 0 %  F r a c t i o n  A a f t e r  N a t t C O a  w a s h  ......................... 62 
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surized (air, 1 arm.) colunla (20 x 100 r a m . )  Of pow- 
dered anhydrous MgSQ. The addition of benzene 
containing 1% ethanol eluted a well-defined band of 
pomiferin. A second zone, remaining near the top of 
the column, was eluted with a mixture of equal vol- 
umes of benzene and ethanol (Fraction C). Fraction 
A was thus separable into pomiferin (80-85%, by 
weight) and an unknown substance, Fraction C (15- 
20%, by weight). Fraction C was a highly active 
antioxidant substance, which also responded syner- 
gistically with pomiferin (Table IV). 

TABLE I V  

Effects of Chromatographic Fractions on Stability of Lard  

Preparat ion Induction Period 

hr~, 
1. Unprotected lard (control) ............................................ 2 
2. 0.10% Fraction C ........................................................... 23 
3. 0.30% ~raction C ........................................................... 72 
4. 0.10% 1)omiferin ............................................................ 30 
5. 0.10% pomiferin + 0.10% Fraction C ........................... 82 

Subseque~lt experiments have shown Fraction C 
to be further separable into a number of components 
by chromatography on MgSO~ with smaller incre- 
ments of ethanol to the benzene. Three major and 
several minor bands were separated on the column 
with 2% ethanol in benzene, and two of the major 
bands (Nos. 4 and 6) were etuted from the column 
with this solvent. These constituted 25 and 10% (by 
weight) of Fraction C and both were light green in 
color. A third major band (No. 8), constituting 45% 
of Fraction C, was eluted with 4% ethanol in ben- 
zene; it was reddish-brown in color. 

In stability tests with lard all of the three major 
bands showed strong antioxidant activity. Induction 
periods were 20 to 50% longer than that produced 
with an equal amount of pomiferin. Peroxide accumu- 
lation during the induction period (prooxidant effect), 
typical of pomiferin, NDGA, and other primary anti- 
oxidants, was also less pronounced (Figures 2). 

The characterization of the three additional pri- 
mary antioxidants has not been completed. These 
were separated chromatographically but were not 
obtained in a crystalline state. However their ultra- 
violet absorption spectra, with maxima at 273 (band 
6) and 274.5 m/~ (bands 4 and 8), were very similar 
to those of pomiferin and osajin, suggesting a close 
structural relationship to these compounds. Each of 
the three gave a positive ferric chloride test for phe- 
nols and a positive Wilson (5) boric test for flavone.~ 
and iso-flavones. 
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FIG. 2. P e r o x i d e  d e v e l o p m e n t  in  l a r d  c o n t a i n i n g  c o m p o u n d s  
of  F r a c t i o n  C. 

1. Control  
2. 0.30% NDGA 
3. 0.30% band 8 
4. 0.30% band 6 
5. 0.30% band 4 
6. 0.30% pomiferin 

Summary 
The fruit  of the osage orange tree (Maclua pomif- 

era [Raf.] Schneider) was shown to contain at least 
four pigments with antioxidant activity. Pomiferin 
was present as 3 to 4% of the dry fruit  and, as a pri- 
mary antioxidant, was responsible for 20-25% o~ the 
activity exhibited by methanol extracts. An unidenti- 
fied substance was also present which reacted syner- 
gistically with pomiferin, increasing its contribution 
to the overall activity to approximately 75%. The 
three new pigments, totalling 0.5% to .75% of the 
dry fruit, all showed antioxidaut activity exceeding 
that of pomiferin when tested at equal concentrations. 

A chromatographic procedure, employing anhy- 
drous magnesium sulfate, was developed and applied 
successfully in separating mixtures of several iso-fla- 
voue pigments. 
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Alcoholic Extraction of Vegetable Oils. II. Solubilities 
Corn, Linseed, and Tung Oils in Aqueous Ethanol 1 
RAMA KANTH RAO, Graduate Assistant, and LIONEL K. ARNOLD, Professor, 
Iowa Engineering Experiment Station, Iowa State College, Ames, Iowa 

I 
N AN EARI~IER communication (1) the need for the 
study of ethanol as a solvent for ~ ~,egetable oils was 
discussed, and complete solubility data on cotton- 

seed, peanut, sesame, and soybean oils in aqueous 
alcoholic solutions were presented. A literature 
search revealed no similar data for corn, linseed, and 
tung oils. 

1 Presented at the Philadelphia fall meeting, American Oil Chemists' 
Society, Oct~)ber 11, 1955. 

of 

Experimental 
Unrefined commercially produced oils were used ill 

each case. Their characteristics are given below: 

Iodine value Saponification 
0il Acid value (Wij 's)  value 

Corn  Oil  ~. ................... 1.52 
I A n s e e d  Oil ................. 1,48 
T u n g  Oil ..................... 1,52 

From wet-milled germs. 

120.2 189.7 
182.5 ]91 .3  
168.7 ]92 .5  


